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in individuals with borderline and mild hyperten-tained by the same two investigators, who did not have any information about the result of stress testing and sion. 9 These findings stimulate the hypothesis that these newly demonstrated risk factors for cardiovas-24-h urinary C-peptide excretion level.
We calculated left ventricular mass ( LVM ) , relative cular diseases might have relationships among each other. The final goal of antihypertensive management wall thickness in diastole ( RWTd ) , and cardiac output ( CO ) by the following formulae: LVM Å 1.04 1 { ( LVDd is to prevent cardiovascular events; therefore, comprehensive management of associated cardiovascular / PWTd / IVSTd ) 3 0 LVDd 3 } 0 13.6, RWTd Å 2 1 PWTd / LVDd 1 100, CO Å ( EDV 0 ESV ) 1 HR, where risk factors is crucial. To clarify the clinical significance of hyperinsulinemia in hypertension, this study EDV is the end-diastolic ventricular volume, ESV is the end-systolic left ventricular volume, and HR is the heart explores the relationship of hyperinsulinemic state to left ventricular hypertrophy, left ventricular geomet-rate. EDV and ESV were determined by Teichholtz's methods. 12 The ejection fraction ( EF ) was calculated as ric patterns, microalbuminuria, and physical fitness in individuals with borderline and mild hypertension. follows: EF Å (1 0 LVDd 3 / LVDs 3 ) 1 100, where LVDs is the end-systolic left ventricular diameter. The mean METHODS velocity of the left ventricular circumference ( mVcf ) was determined as follows: mVcf Å { ( LVDd 0 LVDs ) / Subjects For the present study, we selected 52 Japanese men who had been enrolled in the Hypertension LVDd } 1 ET, where ET is the ejection time, and total peripheral resistance ( TPR ) was calculated as follows: Detection and Follow-up Program at the Life Planning Center ( Tokyo, Japan ) , and who met the following cri-TPR Å 79.92 1 MBP / CO, where MBP is the mean arterial pressure [ MBP Å cuff diastolic blood pressure / teria; 1 ) initial diagnosis of hypertension established between the ages of 30 and 49 years, 2 ) diastolic blood 1/3(cuff systolic blood pressure 0 cuff diastolic blood pressure)]. pressure between 90 and 105 mm Hg on at least three consecutive annual physical check-ups, 3 ) no pharma-
The left ventricular mass index ( LVMI ) was found as follows: LVMI Å LVM / height 2.7 . 13 The cardiac index cological intervention for hypertension for the past 3 years, and 4 ) acquisition of an acceptable echocardio-( CI ) was calculated similarly: CI Å CO / ( body surface area ) . Upper limits for the normal range of LVMI was gram. Patients with secondary hypertension or other serious medical problems requiring specific treatment defined as mean / 2SD of values obtained in the 78 age-matched normotensive male subjects, 9 and was 52 were excluded.
We also excluded individuals who exercised on a { 7 g/m 2.7 . regular basis ( defined as exercise for more than 20 min Exercise Stress Testing Subjects performed symptomtwice a week ) , those with valvular abnormalities (¢ limited maximal treadmill exercise stress testing acgrade II aortic or mitral valve regurgitation assessed by cording to Bruce's conventional protocol.
14 Blood presDoppler echocardiography ) , and those with a serum sure during exercise was measured by the ordinary creatinine level ú 1.5 mg / dL ) . Informed consent was Korotkoff sound method using a mercury sphygmomaobtained from all subjects for collection of blood and nometer. A systolic blood pressure response ú 250 mm urine samples. The other procedures were part of rou-Hg was one of the exercise endpoints. The normalized tine follow-up health examinations.
treadmill time ( TMTn ) was determined based on previously described age-adjusted standards.
14,15
Routine Examinations Blood Pressure Measurements
Casual blood pressure was measured in the office set-Blood and Urine Assays Subjects were instructed in the ting by the conventional cuff method using a mercury collection of 24-h urine samples at their own homes manometer. Patients had been seated for at least 10 min without dietary restrictions and were asked to avoid before measurements were taken. Diastolic pressure heavy exercise. On the following day, blood samples was determined at the fifth Korotkoff sound. were obtained after an overnight fast. The blood glucose level and serum levels of total cholesterol, highEchocardiographic Measurements M-mode two-dimendensity lipoprotein cholesterol, triglycerides, blood sional echocardiography was performed using a Sonourea nitrogen, creatinine, uric acid, and urinary concenlayer ( SSH-1 or SSH-140A, Toshiba Co., Tokyo, Japan ) tration of creatinine were measured by established device with a 2.5-MHz or a 3.75-MHz transducer. Data methods. Creatinine clearance was determined from were printed on a split-chart recorder at a recording the following formula: creatinine clearance Å ( urinary speed of 50 mm/ sec. End-diastolic interventricular sepconcentration of creatinine 1 24-h urine volume ) / tal thickness ( IVSTd ) , left ventricular internal diameter ( plasma level of creatinine 1 24 1 60 ) . Urinary level ( LVDd ) , and posterior wall thickness ( PWTd ) were of C-peptide and microalbumin were determined by measured according to the modified method based on radioimmunoassays.
16,17
recommendations of The American Society of Echocardiography and the Penn Convention. 10, 11 The data rep-Statistical Analysis Data are expressed as the mean { 1 SD. Data were analyzed using the SPSS software resents the mean of two M-mode measurements ob-/ 2e19$$2241 05-07-97 11:33:27 eajha EL: AJH analysis identified TMTn, LVMI, and 24-h urinary albumin excretion as significantly influential variables for 24-h urinary C-peptide excretion ( Table 3 ) . multiple regression analysis demonstrated that LVMI, DISCUSSION 24-h urinary albumin excretion, and the normalized treadmill time were significantly influential variables The present study showed that 24-h urinary excretion for 24-h urinary C-peptide excretion. These results of C-peptide was correlated with left ventricular mass suggest that left ventricular hypertrophy, renal damindex, relative wall thickness, 24-h urinary excretion age, and impairment of physical fitness are associated of microalbumin, systolic blood pressure at peak exer-with a hyperinsulinemic state in these individuals cise, and with normalized treadmill time. Stepwise with borderline and mild hypertension.
Ethnic group, gender, and body size affect left ventricular mass. 13, 18, 19 In this study, left ventricular mass was mechanisms of cardiovascular damage, renal damage, and hyperinsulinemia, it did suggest the possibility was 52 { 7 g/height 2.7 . The definition of left ventricular hypertrophy is left ventricular mass index ¢ mean / 2 of a parallel development of cardiovascular damage, renal damage, and hyperinsulinemia in patients with standard deviations (66 g/height 2.7 ). According to this definition, 16 of 49 subjects of this study had left ventricu-borderline and mild hypertension.
Although hyperinsulinemia and insulin resistance lar hypertrophy.
Some studies have suggested that diabetes mellitus are both pathophysiologic states in hypertension, it has not been concluded which one is more important accelerates the development of left ventricular hypertrophy in patients with essential hypertension inde-as a risk factor for cardiovascular disease. Insulin induces vasopressor effects, such as sodium retention, pendent of blood pressure. 7, 20 Recently, Lind et al reported an association between left ventricular wall activates sympathetic activity, and enhances cellular proliferation. 24 Chronic hyperinsulinemia has been asthickness and insulin resistance, assessed by the hyperinsulinemic euglycemic clamp. 21 On the other sociated with increased blood pressure levels in a saltsensitive hypertensive model. 25 Because this study inhand, Nagano et al found no association between left ventricular mass and the plasma level of insulin. 22 tended to assess the hyperinsulinemic state in daily life, 24-h urinary excretion of C-peptide without diHowever, Nagano's study included subjects of both sexes over a broad age range. Both gender and age can etary restrictions was used as a parameter of hyperinsulinemia. Although the present study did not assess affect left ventricular mass, 13, 18, 19 which might thereby have affected their results. In the present study, an hyperinsulinemia directly, it did reveal a close association between insulin sensitivity and urinary C-pepassociation between a hyperinsulinemic state and left ventricular hypertrophy was demonstrated exclu-tide excretion. 30, 31 Further studies are required to assess the association of cardiovascular and renal damsively on middle-aged Japanese men with borderline and mild hypertension.
age with hyperinsulinemia or insulin resistance. The presence of multiple conventional risk factors To our knowledge, this is the first report to demonstrate that hyperinsulinemic state correlates with for cardiovascular diseases, such as hypertension, obesity, diabetes mellitus, and hyperlipidemia, has physical fitness in individuals with borderline or mild hypertension. Previously, we reported that the im-long been known to have an additive effect on the risk of cardiovascular events, and a comprehensive pairment of cardiac systolic function may contribute to the impairment of physical fitness in hypertensive management of these risk factors, including insulin resistance and hyperinsulinemia, has been proposed. 2 patients with left ventricular concentric hypertrophy. 9 However, Lund-Johansen proposed that impaired pe-While it has not been established whether or not factors such as left ventricular hypertrophy, impaired ripheral circulation during exercise is compensated by an exaggerated elevation of blood pressure. 23 The physical fitness, and increased urinary excretion of microalbumin, or the combination of these factors, correlation between 24-h urinary C-peptide excretion and systolic blood pressure at peak exercise observed have an additive effect, the association between 24-h urinary C-peptide excretion and impaired physical in the present study suggests that the hyperinsulinemic state in individuals with borderline and mild fitness suggests that treatment modalities that improve physical fitness, such as exercise and weight hypertension may be related to an impairment of the peripheral circulation. Therefore, it is possible that control, may modify hyperinsulinemia.
In conclusion, based on the present results, we propose hyperinsulinemia leads to left ventricular hypertrophy, microalbuminuria, and impaired physical fitness that comprehensive assessments of conventional cardiovascular risk factors and hyperinsulinemia, left ventricubecause of the elevation of blood pressure or the progression of vascular damages, as well as because of lar hypertrophy, microalbuminuria, and physical fitness levels should be included in the screening process for the proliferation of vascular smooth muscle cells induced by insulin itself. 24, 25 Alternatively, the impair-borderline and mild hypertension. ment of peripheral circulation caused by other factors ACKNOWLEDGEMENT may lead to hyperinsulinemia because of the impairment of muscle blood supply, which is one of the We wish to express our deep appreciation to Mrs. Teruko mechanisms determining insulin sensitivity. 26 Kitagawa and Mrs. Michiko Nasu at the Life Planning CenUrinary excretion of microalbumin was related to ter for their excellent technical assistance. insulin resistance 8 and left ventricular mass, 27 al-REFERENCES though some reports have been inconsistent with their findings. 28, 29 The present results support the former 
